The object of our investigation was to devise an inexpensive, giveaway experiment for measuring the solar constant using equipment inexpensive enough so that we would not be concerned whether or not any of the materials were returned. A search of the literature l-4 turned up a variety of relatively inexpensive methods, but none of them satisfied our criteria. One method 4 used crushed ice and water in a glass container using blackened foil. We tried this method and variations on it but were unable to obtain consistent results. A method using a thermometer to obtain the solar constant from the shape of the temperature vs time plot did yield consistently good results. However, the thermometer violated our financial constraint.
should be poured off prior to the timed run. Both cups are placed in the sunlight with the metal discs perpendicular to the sun's rays (D). The black disc will absorb about 95% of the solar energy normally incident on it and the aluminum disc will absorb about 15%. 5 The energy from the sun falling on the discs will melt some of the ice in the cup. Energy from the surroundings will also be absorbed by the ice and melt some of it. This heat exchange with the environment will be approximately the same for both cups. Thus if we keep the cups in the sun- where S is the amount of solar energy falling on each disc in the time t, and M B and M a1 are the masses of ice melted under the black and aluminum discs, respectively. If we subtract these two equations we have:
The masses of the melted ice are obtained by using the syringe to measure the water produced (E).
The solar constant at the earth's surface will be: solar constant = S in calories (area of the disc in cm 2 ) (t in min)
Starting one cup two minutes ahead of the other allows time to measure each and record data without interference. We have found ten to fifteen minutes a good interval for timing. The experiment should be performed as close to noon as possible so that the cups do not have to be tilted too much.
The aluminum discs were cut out and painted in our shops. The syringes 6 were purchased from a local hospital supply company and given out to the students without the plungers. The total cost per setup was $0.51. The experiment has been used in a noncalculus liberal arts course and as an option in a noncalculus technical physics course. The students seemed to have little difficulty with it. However, they were not always careful about picking clear, sunny days on which to do the experiment. Frequently students would procrastinate until forced to make the measurements on the only day left, cloudy or not. This resulted in lowering the average value the group obtained for the solar constant to 0.88 cal/cm 2 min. When the experiment was performed on clear, sunny days in mild weather, the usual results fell between 1 and 1.3 cal/cm 2 min. We have also used this technique for measuring radiation for a clear light bulb.
